The therapeutic benefits of medicinal plants are well known. Nevertheless, essential oils have been the main focus of antioxidant and antimicrobial studies, remaining scarce the reports with hydrophilic extracts. Thus, the antioxidant and antifungal activities of aqueous (prepared by infusion and decoction) and methanol/water (80:20, v/v) extracts of sage (Salvia officinalis L.) were evaluated and characterized in terms of phenolic compounds. Decoction and methanol/water extract gave the most pronounced antioxidant and antifungal properties, being positively related with their phenolic composition. The highest concentration of phenolic compounds was observed in the decoction, followed by methanol/water extract and infusion. Fungicidal and/or fungi static effects proved to be dependent on the extracts concentration. Overall, the incorporation of sage decoction in the daily diet or its use as a complement for antifungal therapies, could provide considerable benefits, also being an alternative to sage essential oils that can display some toxic effects.
Introduction
At the present time, opportunistic fungal infections constitute a serious threat to human health and wellbeing (Lott, Fundyga, Kuykendall, & Arnold, 2005) . Indeed, the frequency and severity of diagnosed fungal infections is growing and the consequences of this are exacerbated by a concomitant increase in resistance to traditional antifungal agents (Oberoi et al., 2012) . Within the Candida genus, Candida albicans has been considered the main agent responsible for those opportunistic pathogenic infections.
Recently however, other non-albicans Candida species have also been described. The balance between C. albicans and non-albicans Candida species determine the profiles associated with virulence (Oberoi et al., 2012) . In this context, and considering the increasing number of microorganisms with drug resistance, the identification of efficient alternative therapies to the current antifungal agents is crucial.
The use of medicinal plants to improve health is an ancient practice (Longe, 2005) .
However, in recent years, it has been observed an increasing interest of scientific researchers for the study of plants biological properties and active principles responsible for their therapeutic effects (Silva & Fernandes Júnior, 2010; Junio et al., 2011) . Salvia officinalis L. commonly known as sage, is considered the queen of herbs and belongs to the Lamiaceae (Labiatae) family. It is widely used both in culinary and medicinal preparations (Longe, 2005; Khan & Abourashed, 2010) as an antispasmodic, antimicrobial, anti-inflammatory, carminative and mucolytic agent; as well as a hormonal regulator and to control mild to moderate states of Alzheimer's disease, reducing patients agitation (Longe, 2005; Scholey et al., 2008; Khan & Abourashed, 2010; Albano & Miguel, 2011) .
Some studies report antioxidant properties of sage essential oils, methanol and aqueous extracts, namely obtained by infusion (Wang et al., 1998 (Wang et al., , 1999 Zimmermann, Walch, Tinzoh, Stühlinger, & Lachenmeier, 2011; Abu-Darwish et al., 2013) . Nevertheless, as far as we know there are no reports available with sage aqueous extracts obtained by decoction. Regarding antimicrobial properties, a few articles report results on aqueous extracts (Jasim & Al-khaliq, 2011; Velickovic et al., 2011) , being essential oils the most studied against bacteria strains and filamentous fungi, such as Candida species (C.
albicans, C. parapsilosis, C. krusei and C. tropicalis), Aspergillus species and
Dermatophytes (Khalil & Li, 2011; Abu-Darwish et al., 2013) . Due to some neurotoxic and convulsing effects of essential oils, mainly in children, they should be used very careful avoiding exceeding the recommended doses (Longe, 2005; Khan & Abourashed, 2010) . Thus, other therapeutic alternatives are safer than essential oils. Several studies reported a direct relation between antioxidant potential and antimicrobial activity; both associated to the phenolic composition, especially flavonoids and phenolic acids (Caturla, Vera-Samper, Villalain, Mateo, & Micol, 2003; Araújo et al., 2012) .
The aim of the present work was to assess the antifungal effects of aqueous (prepared by infusion and decoction) and methanol/water (80:20, v/v) extracts of S. officinalis against Candida species, to determine their antioxidant activity and to identify the main bioactive molecules (e.g., phenolic compounds) present in the extracts.
Materials and methods

Sample
Flowering aerial parts (leaves, separated from branches) of Salvia officinalis L., previously dried, supplied by Soria Natural (Garray -Soria, Spain), were obtained in April-May 2012. The samples were clean products with monitored parameters of pesticides, herbicides, heavy metals and radioactivity.
Standards and reagents
Methanol was of analytical grade purity and supplied by Pronalab (Lisbon, Portugal).
2,2-Diphenyl-1-picrylhydrazyl (DPPH) was obtained from Alfa Aesar (Ward Hill, MA, USA). HPLC-grade acetonitrile was obtained from Merck KgaA (Darmstadt, Germany). Formic and acetic acids were purchased from Prolabo (VWR International, France). The phenolic compound standards were from Extrasynthese (Genay, France).
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) and RPMI 1640 medium were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Sabouraud Dextrose Broth (SDB) and Sabouraud Dextrose Agar (SDA) were from Merck (Darmstadt, Germany). Water was treated in a Milli-Q water purification system (TGI Pure Water Systems, Greenville, SC, USA).
Preparation of the extracts
Aqueous extracts were obtained by infusion and decoction processes. In the infusion process, each sample (1 g) was added to 200 mL of boiling distilled water and left to stand at room temperature for 5 min, and then filtered under reduced pressure. In the decoction process, each sample (1 g) was added to 200 mL of distilled water, heated (heating plate, VELP scientific) and boiled for 5 min. The mixture was left to stand for 5 min and then filtered under reduced pressure. The aqueous extracts were frozen and lyophilized (FreeZone 4.5, Labconco, Kansas City, MO, USA). Methanol/water (80:20, v/v) extract was obtained by stirring each sample (1 g) with 30 mL of the solvents mixture at 25 ºC and 150 rpm for 1 h, and filtered through Whatman
No. 4 paper. The residue was then extracted with additional 30 mL portion of the methanol/water mixture. The combined extracts were evaporated at 35 ºC under reduced pressure (rotary evaporator Büchi R-210, Flawil, Switzerland) and then further lyophilized.
The lyophilized methanol/water extracts were re-dissolved in methanol/water (80:20, v/v) , while the aqueous extracts were re-dissolved in water. Stock solutions were prepared at a concentration of 20 mg/mL.
Evaluation of bioactivity
Antioxidant activity
Four different in vitro assays were performed using solutions prepared by serial dilution of the stock solutions: scavenging effects on DPPH (2,2-diphenyl-1-picrylhydrazyl) radicals, reducing power (measured by ferricyanide Prussian blue assay), inhibition of β-carotene bleaching and inhibition of lipid peroxidation in brain cell homogenates by TBARS (thiobarbituric acid reactive substances) assay (Barros, Carvalho, Morais, & Ferreira, 2010 (Dias et al., 2013) .
Antifungal activity
Nineteen Candida strains were tested ( Table 2) 
Analysis of phenolic compounds
Phenolic compounds were determined by HPLC (Hewlett-Packard 1100, Agilent
Technologies, Santa Clara, USA) as previously described by the authors (Dias et al., 2013 compounds for which a commercial standard was not available, the quantification was performed through the calibration curve of other compound from the same phenolic group. The results were expressed in mg per g of dried extract.
Statistical analysis
Three samples were used and all the extracts were prepared and analyzed in triplicate.
The results, expressed as mean values and standard deviation (SD), were analyzed using one-way analysis of variance (ANOVA) followed by Tukey's HSD Test with α = 0.05, performed with SPSS v. 20.0 program.
Results and discussion
Evaluation of antioxidant activity
The results of antioxidant activity evaluation are shown in Table 2 shows the results obtained in the screening of antifungal activity of sage extracts performed by the disc diffusion halo assay. In general, the tested extracts did not show antifungal activity or showed a weak potential against the majority of Candida species. Moderate to high effects were observed against C. parapsilosis (AD) and C.
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tropicalis (ATCC 750); aqueous extract obtained by decoction showed a strong effect against the last mentioned strain. C. albicans 575541 was only susceptible to aqueous extracts. Furthermore, no effects were observed against any of the three tested C.
glabrata strains.
The aqueous extract obtained by decoction (activity against 5 strains) and the methanol/water extract (activity against 4 strains) presented higher antifungal potential than the aqueous extract obtained by infusion (activity against 3 strains) ( Table 2) .
Variable effects were observed among strains of the same species; the extraction solvent seems to influence sage bioactivity.
Similarly to our study, Unver, Arslan, Cetynkaya and Ozcan (2008) , using a disc diffusion assay, also observed a weak in vitro antifungal effect of sage methanol/water MIC and, in some cases, MFC values were determined for the most susceptible strains:
C. tropicalis ATCC 750 (MIC = 1.25 mg/mL and MFC = 2.5 mg/mL for all the extracts), C. parasilosis AD (MIC = 2.5 mg/mL for all the extracts) and C. parasilosis ATCC 22019 (MIC = 2.5 mg/mL for aqueous extracts). In the case of C. tropicalis ATCC 750, all the sage extracts can be considered promising antifungal agents, since aqueous and methanol/water extracts, at 2.5 mg/mL, completely inhibited the growth of the mentioned Candida species. parapsilosis (Figure 1a) . The aqueous extract obtained by decoction was the most relevant against C. tropicalis, followed by the aqueous extract obtained by infusion and methanol/water extract (Figure 1b) .
Identification and quantification of phenolic compounds
The phenolic profile of S. officinalis obtained after methanol/water extraction, and recorded at 370 nm is shown in Figure 2 ; peak characteristics and tentative identities are presented in Table 3 . Twenty-one compounds were detected. Ten of which were phenolic acid derivatives (mainly rosmarinic acid derivatives) and twelve flavonoids (mainly luteolin derivatives).
As for the phenolic acids, caffeic acid (compound 4) and trans rosmarinic acid (compound 16) were positively identified according to their retention, mass spectra and UV-vis characteristics in comparison with commercial standards. Caffeic acid and rosmarinic acid have been extensively reported in S. officinalis (Lu, Foo, & Wong, 1999; , 2001 , 2002 , 1998; Lu & Foo, 2002) .
A compound with the same pseudomolecular ion ([M-H]
-at m/z 503) as compound 1 was previously reported in Salvia spp. by different authors (Wang et al., 1999; Ho et al., 2000; Zimmermann et al., 2011; Cvetkovikj et al., 2013 ) and identified as 6-O-caffeoylfructofuranosyl-(2-->1)-glucopyranoside.
The pseudomolecular ion of compound 5 ([M-H]
-at m/z 537) matched the caffeic acid trimers salvianolic acids H/I and lithospermic acid A. Salvianolic acids H and lithospermic acid A were, however, discarded as possible identities because they present quite a different fragmentation pattern (Ruan et al., 2012) to the one observed in our sample. Thus, the peak was tentatively assigned as salvianolic acid I (i.e., 3'-O-(8''-Zcaffeoyl) rosmarinic acid), which was already described in S. officinalis Lu & Foo, 2001 ) Salvia spp. (Cvetkovikj et al., 2013) and sage infusions (Zimmermann et al., 2011) . caffeic acid trimer identified in sage infusions by Zimmermann et al. (2011) , and previously reported in S. officinalis by and Lu and Foo (2001) .
Flavonoids detected in the analyzed sample mainly belonged to the group of flavones.
Luteolin 7-O-glucoside (compound 12) and apigenin-7-O-glucoside (compound 17)
were positively identified according to their retention, mass and UV-vis characteristics by comparison with commercial standards. Luteolin 7-O-glucoside was previously identified in S. officinalis (Wang et al., 1998; Foo, 2000 and 2001) , and found in sage tea bags and infusions by Zimmermann et al. (2011) . The presence of both compounds has been reported in leaves and aerial parts of S. officinalis by different authors (Hossain et al., 2010; Cvetkovikj et al., 2013) . There are various publications reporting the phenolic composition of S. officinalis from different origins and using different extraction methodologies Wang et al., 1999; Lu & Foo, 2001 , 2002 Hossain et al., 2010; Zimmermann et al., 2011; Cvetkovikj et al., 2013; Kontogianni et al., 2013; Roby et al., 2013) . There are some differences in the phenolic composition described, but some similarities are also observed. Mainly, rosmarinic acid being the main phenolic compound found. These differences could also be explained by different environmental factors, such as: growing conditions (soil, climate, rainfall, altitude), harvesting, processing, among other factors that can directly interfere with the levels of phenolic compounds (Farhat, Chaouch-Hamada, Sotomayor, Landoulsi & Jordán, 2014) .
Regarding the quantitative results reported by the above mentioned authors, Zimmermann et al. (2011) performed a quantification of all the different phenolic compounds, however these results can not be compared to the levels obtained in this work due to the units used to express results (mg/L). The same occurs with results reported by Roby et al. (2013) that were expressed in relative percentage of the phenolic compounds identified. Kontogianni et al. (2013) described lower concentrations, and this can be noticed in rosmarinic acid levels (10 mg/g of dry extract), which can also be explained by the different solvents used in the extraction procedure (successive extractions with ethyl acetate and hexane). The other cited authors did not quantify the phenolic compounds that they were able to identify.
Considering all the results obtained, it is feasible to refer that aqueous extracts obtained by decoction and methanol/water extracts of S. officinalis provide the most significant bioactivities, which are positively related to their phenolic composition. Regarding antifungal activity, the aqueous extract obtained by decoction presented the most pronounced effect in the majority of Candida strains, followed by methanol/water extract and/or the aqueous extract obtained by infusion and, in some cases, varying directly according to the extract concentration. The aqueous extract obtained by decoction also showed the highest concentration of phenolic compounds (either phenolic acids or flavonoids), including rosmarinic acid and luteolin 7-O-glucuronide, the main phenolic acid and flavonoid, respectively, found in the extracts. Luteolin derivatives, such as luteolin diglucuronide and 6-hydroxyluteolin-7-O-glucuronide, which were found in higher levels in the aqueous extract obtained by decoction, and could also contribute for the mentioned properties.
Concerning antioxidant activity, higher potential was observed for the methanol/water extract, followed by aqueous extracts obtained by decoction and, lastly by infusion. The higher antioxidant activity presented by the methanol/water extract could be related to higher levels of specific phenolic compounds, such as caffeic acid, luteolin-7-O- For the last three rows, in each row different letters mean significant differences (p<0.05).
